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A  rich  body  of  work  has  reported  levels  of  infection  with  Toxocara  species  in deﬁnitive  hosts,
and the  frequency  of  eggs  in  the environment,  in  many  different  regions  and  situations.
These  have  greatly  increased  our  understanding  of  the  relationship  between  egg  excretion
from companion  and  wild animals  and  the  risk  of  human  infection  by  inadvertent  ingestion
of eggs  from  soil  and  other  environmental  reservoirs.  Nevertheless,  it is  difﬁcult  to  compare
studies  directly  because  of  vagaries  in sampling  and  laboratory  methods,  a preponderance
of prevalence  rather  than  abundance  data,  and  a  lack  of  studies  that  systematically  sample
different sympatric  deﬁnitive  host  populations.  Such  comparisons  could  be instructive,  for
example to determine  the  relative  contributions  of  different  deﬁnitive  host  populations  and
categories to environmental  contamination  in  speciﬁed  areas,  and  hence  guide priorities
for  control.  In  this  article  we  use  estimates  of host  density  and  infection  levels  in  the  city  of
Bristol, UK,  as a  case  study  to  evaluate  the  relative  contribution  of sympatric  cats,  dogs  and
foxes to  overall  environmental  contamination  with  eggs.  Results  suggest  that  dogs,  espe-
cially  those  less  than 12 weeks  of  age,  dominate  total  egg  output,  but that this  is  modiﬁed  by
degree of access  to  public  areas  and  removal  of faeces,  such  that  foxes  could  take  over as  the
primary source  of  eggs.  Results  and  conclusions  are  likely  to differ  among  speciﬁc  locations.
The general  aim  is to show  how  an improved  quantitative  framework  for epidemiological
studies  of Toxocara  spp.  egg  contamination  can help  to advance  understanding  and  the
effectiveness  of  control  strategies  in  future.. Introduction
Toxocara spp. often cause disease in dogs and cats,
nd occasionally humans (Overgaauw, 1997a; Holland
nd Smith, 2006; Lloyd and Morgan, 2011). Humans
an become infected with Toxocara spp. following the
ngestion of embryonated eggs. T. canis eggs are not embry-
nated when passed in the faeces of dogs (Glickman,
993) therefore, contamination is likely to come primarily
rom the environment. As there is no correlation between
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thepresence of Toxocara spp. eggs in private gardens and
pet  ownership (Pegg, 1975), it is proposed that the public
environment, including parks, pose the main risk (Deplazes
et  al., 2011). Infection is assumed to depend on the density
of  infective eggs in the environment; however, little infor-
mation  exists on the relative contribution of different host
groups  to the environmental reservoir of eggs, or on spatial
patterns of faecal deposition. Such information is crucial in
order  to focus control strategies. A sound epidemiological
context is also important to incorporate new information
such as levels of infection in cats and foxes, and to evaluate
Open access under CC BY license.the  success of efforts to reduce Toxocara spp. populations.
The aim of this study was to develop a quantitative
approach to evaluate the relative contribution of differ-
ent  sympatric host populations to Toxocara spp. egg output
y ParasiE.R. Morgan et al. / Veterinar
into the environment. We  do not attempt to compile com-
prehensive data on levels of infection and contamination,
rather, we use example datasets from ﬁeld investigations
to illustrate the general principles and develop approaches
that might be of use to other researchers.
2. Materials and methods
2.1.  Quantitative approach
This  approach assumed that the risk of Toxocara spp.
infection is proportional to the number of eggs released
into the environment. Two methods were needed to cal-
culate  this total egg output as there are differences in the
data  available for Toxocara spp. in dogs, cats and foxes.
Most data from dogs and cats report the presence of Toxo-
cara  spp. in faecal samples, therefore egg prevalence, and
in  some studies density, is available. In this case, egg out-
put  was estimated using Eq. (1). In foxes, however, most
data  are from postmortem studies, where faecal egg den-
sity  is unavailable but worm burdens are recorded. In this
situation, total egg output was estimated using Eq. (2).
Et = PIOH (1)
where Et is the total egg output per km2 per day, P is the
prevalence of patent infection, I is the average intensity of
infection  in patent infections expressed as eggs per gram
of  faeces, O is the average faecal output per individual in
grams  per day, and H is the host density per km2.
Et = PWFH2 (2)
where Et is the total egg output per km2 per day, P is the
prevalence, W is the average intensity of infection, i.e. aver-
age  adult worm burden per infected individual host, F is
the  egg output per adult female worm per day, and H is the
average  host density per km2.
The parameters of Eqs. (1) and (2) were estimated from
the  literature and aimed to consider Bristol, UK, as a model
city.  Where local parameters were unavailable due to insuf-
ﬁcient  published research, data from different geographical
locations or closely related species were used. In some
cases it was necessary to use our own data from faecal
surveys (see below).
Few  published data exist on host population density,
particularly within the owned dog population. Two differ-
ent  approaches were taken to calculate dog density in this
urban  setting (Eqs. (3) and (4)). A similar approach was
taken  for owned cats.
H  = NR
TA
(3)
where N is the estimated total number of dogs in the UK,
R  is the number of residents in Bristol, T is the total UK
population, and A is the area of the city of Bristol in km2.
H  = (B + pB)C (4)
GA
where B is the number of households in the UK with dogs,
p  is the proportion of households with more than one dog,
C  is the number of households in the city of Bristol, G is thetology 193 (2013) 390– 397 391
total  number of households in the UK, and A is the area of
the  city of Bristol in km2.
Since age is known to be a major determinant of the
frequency of egg shedding in dogs and cats, population age-
structure  was expected to have a strong effect on model
predictions. Therefore, for all host species, host population
density was estimated separately for adult (>6 months old),
young  (3–6 months) and juvenile (<3 months old) animals.
Where age-speciﬁc data were not available, an estimate
was made based on total population sizes and observed
age structure.
2.2. Parameter estimation
Parameters  used in Eqs. (1) and (2) to estimate egg out-
put  per unit area for the city of Bristol, and the sources used
for  parameter estimation, are given for dogs, foxes and cats
in  Tables 1–3 . Population parameters used to estimate dog
density  are further given in Table 4 (for Eq. (3)) and Table 5
(for  Eq. (4)).
Average faecal output per day was  estimated for adult
dogs from Cherbut and Ruckebusch (1985), and extrapo-
lated to young (3–6 months old) and juvenile (<3 months)
dogs by multiplying by a factor of 0.67 and 0.4 accord-
ingly. Faecal output in adult foxes was  estimated on the
basis  of average body weight for the species as 0.27 that
of  adult dogs, and the same adjustments applied for young
and  juvenile foxes. The divisions of 3 and 6 months of age
followed previous published results, in order to permit cap-
ture  of age-structured data from the literature (e.g. Luty,
2001).
Given  limited data on egg production by Toxocara
spp. females, average values and conﬁdence bounds were
drawn  from closely related species.
2.3. Faecal survey
Since  few data were available on egg density in infected
dogs and cats, as opposed to simply prevalence, a small
survey was undertaken. Between October 2004 and August
2005,  faecal samples were taken from dogs, cats and foxes,
mostly  in the Bristol area and some from the neighbouring
city of Swansea. Samples were obtained from privately
owned dogs encountered in three different public parks
in  Bristol. This source was purposely selected to represent
dogs visiting the public environment, and to avoid bias in
favour  of frequently treated dogs that might arise from
sourcing samples through veterinary practices. Dog owners
were  interviewed using a questionnaire, which included
information on age and worming history. Faecal samples
from  younger dogs were obtained from private dog breed-
ers  selling to the public, by responding to advertisements
for pups for sale in local newspapers, and then visiting
breeders’ premises to sample pups. Stray dogs and cats
were  sampled at the Royal Society for the Prevention of
Cruelty  to Animals (RSPCA) Dogs’ Home soon after admis-
sion  and before anthelmintic treatment. Fresh fox faeces
were  sampled from public parks in the neighbouring city
of  Swansea, for comparison with egg output estimated
from postmortem data. In all cases, freshly voided samples
were stored immediately in sealed plastic containers and
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Table  1
Infection and population parameters for dogs in Bristol, as used in the model (Eq. (1)).
Host group Prevalence (P), % Egg density (I), epg Faecal output (O), g day−1 Population density (H), dogs km−2
Stray Average 25 (O’Sullivan, 1997) 250 (our data) 92 (Cherbut and
Ruckebusch, 1985)
6.56  (Bristol Dog Warden Services,
unpublished)
Max 82.6 (O’Lorcain, 1994) 6.82 (Bristol Cats & Dogs home,
unpublished)
Min 17.4 (Vanparijs et al., 1991) 6.36 (Bristol Dogs & Cats home,
unpublished)
Adult owned Average 2.0 (our data) 150 (our data) 92 (Cherbut & Ruckebusch,
1985)
356.6  (Eq. (4))
Max 4.3  (Luty, 2001) 637.6 (Eq. (3))
Min  106.0 (Baker, unpublished)
Young  (3–6
months old)
Average 19.2 (our data) 350 (our data) 61.6 3.3 (Baker, unpublished)
Max 40.0  (Luty, 2001) 3.8
Min  1.0
Juvenile (<3
months)
Average 48.1 (our data) 3747 (our data) 36.8 3.3 (Baker, unpublished)
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ources are in brackets. Epg, eggs per gram of faeces.
rocessed in the laboratory the same or the next day. A
 g sub-sample of each collection was examined for the
resence of Toxocara spp. eggs using the McMaster test and
alt-sugar  solution as the ﬂotation solution, with a dilution
actor  (sensitivity limit) of 50 eggs per gram (epg).
Because veterinary advice in the UK is generally not to
xercise dogs in public areas until after the ﬁrst dose of pri-
ary  vaccinations for common infectious diseases is given
t  around 8 weeks of age, the prevalence and density of
gg  excretion was also divided into dogs 0–8 weeks old
hence unlikely to be exercised in public areas), 9–12 weeks
ld  (young pups using common areas), and more than 12
eeks  old. The aim of this study was to complement the
ore  traditional division of 1–3, 4–6 and >6 months of age
see  above). Conﬁdence intervals for average abundance
nd density of egg shedding were estimated by bootstrap-
ing over 2000 iterations with replacement.
.4. Model predictions and sensitivity analysis
Parameter estimates were based on data collected from
ristol  as part of this study, where available, or otherwise
rom values in previously published studies in other areas.
here  possible, upper and lower values from the literature
ere  used to generate plausible ranges of parameter varia-
ion.  Following estimation of average relative contributions
f  eggs from different hosts, Monte Carlo simulation was
sed  to investigate the effect of variation in each param-
ter  on model output. First, a triangular distribution was
onstructed using the minimum, average and maximum
arameter values, and the model run over 2000 iterations
ith values randomly drawn from all distributions simul-
aneously. This served to estimate the effect of uncertainty
n  parameter values on model predictions. Where the data
id  not permit minimum or maximum values to be deter-
ined, simulation used the average as the missing value. A
econd  round of sensitivity analysis (= elasticity analysis)
sed small perturbations from average parameter values,3.8
1.0
of  ±5%, to estimate the relative importance of different
parameters to predicted relative egg output, irrespective
of parameter uncertainty. In each case, the value of each
parameter on each simulated run was recorded alongside
the  total predicted egg output, and the Pearson correlation
coefﬁcient calculated for each parameter across all itera-
tions.  Parameters showing strong correlation with total egg
output  were deemed likely to have a strong effect on total
egg  output (in elasticity analysis), or to show important
bounds of uncertainty, such that reduction would increase
the  precision of estimated total egg output (in sensitivity
analysis).
Eggs in the faeces of pets might never reach the public
environment, as a result of defecation in the home environ-
ment  (especially in juvenile dogs and cats before the age of
vaccination, and also for adult dogs for a variable propor-
tion  of the time), and also because dog owners often remove
faeces  and dispose of them while in public places. This was
taken  into account, ﬁrstly by running the model with and
without juvenile animals, and secondly by reducing faecal
egg  output from pet dogs by a variable proportion.
3. Results
3.1. Egg prevalence and density in dogs and cats
A total of 220 faecal samples were collected and ana-
lysed: 69 from dogs in public parks in Bristol, and 30 from
public  parks in Swansea, 97 from pups in Bristol, 14 from
foxes  in Swansea, and 8 from stray cats and 2 from stray
dogs in Bristol. Because of the low sample size from the
latter  three categories, average egg density in positive ani-
mals  was used alongside prevalence from larger studies in
other  areas. The prevalence and average density of Toxocara
spp.  eggs in the faecal survey can be found in Tables 1–3.
In  addition, the data are presented by alternative age cate-
gories  in Fig. 1 and Table 6, to capture key transitions in dog
management, especially access to the public environment.
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Table 2
Infection and population parameters for foxes in Bristol (Eqs. (1) and (2)).
Host group Prevalence (P),
%
Egg density (I),
epg
Worm burden
(W)
Egg production (F) eggs
per  adult female worm
per  day
Faecal output
(O),  grams
day−1
Population
density (H),
foxes  per km−2
Adult Average 55.9 (Richards et al.,
1995)
1526.4 (Richards and
Lewis,  2001)
6.2 (Richards et al.,
1995)
12,500 (Prociv, 1989) 24.5 (see text) 5.5 (Iossa et al.,
2009)
Max 61.6 (Smith et al., 2003) 12.4 (Richards et al.,
1995)
55000 (Roberts, 1990)
Min  16.3 (Luty, 2001) 4.2 (Richards et al.,
1995)
9500 (Dubey, 1967)
Young (3–6 months) Average 48.6 (Richards et al.,
1993)
2.7  (Richards et al.,
1993)
See  above 17.8 8.7 (Harris, 1981)
Max
Min
Juvenile  (<3 months) Average 79.8 (Richards et al.,
1993)
1278.8 (Richards and
Lewis,  2001).
9.5 (Richards et al.,
1993)
See  above 10.7 8.7 (Harris, 1981)
Max
Min
Combined  ages Average 30.8 (our data) 917 (our data)
Sources in brackets. Epg, eggs per gram of faeces.
Table 3
Infection and population parameters for cats (Eqs. (1) and (2)).
Host group Prevalence
(P)
Egg density
(I),  epg
Worm
burden (W)
Egg production (F), eggs per
female  worm day−1
Faecal output (O) d
day−1
Population density (H)
cats  km−2
Stray Average 39.4 (Niak, 1972) 825 (our data) 3.4 (Niak, 1972) 12,500 (Prociv,
1989)
13.3 (Hesta et al.,
2005).
5.9 (Bristol Dogs &
Cats  Home,
unpublished)
Max 79  (Engbaek et al.,
1984)
8.1  (Calvete et al.,
1998)
55,000 (Roberts,
1990)
15  (Page et al., 1992)
Min  25 (our data) 9500 (Dubey, 1967) 5.45 (Bristol Dogs &
Cats  Home,
unpublished)
Adult owned Average 7.9 (Mundhenke and
Daugschies,  1999)
See above 13.3 (Hesta et al.,
2005).
225 (Baker et al.,
2005)
Max  26.7 (Luty, 2001)
Min 4.7  (Overgaauw,
1997b)
Young (3–6 months) Average 18.5 (Itoh, 2000) See above 8.9 (see text) 2.1 (Baker et al.,
2005)
Max  64.3 (Luty, 2001)
Min
Juvenile  (<3 months) Average 50.0 (Luty, 2001) See above 5.3 (see text) 2.1 (Baker et al.,
2005)
Max
Min
Sources in brackets. Epg, eggs per gram
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Fig. 1. Abundance of Toxocara spp. eggs shed by dogs of different ages.
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most dogs are likely to begin using public areas for exercise around 8
eeks of age, after vaccination against common infectious diseases. Bars
epresent 95% bootstrap conﬁdence bounds.
revalence declined with age in dogs, while density of eggs
n  positive dogs (= intensity of egg shedding) also declined
n  adult dogs but remained high in the 9–12 week old cat-
gory.  Overall abundance of eggs, prior to adjustment for
elative  population size, was much higher in younger dogs
han  in adults (Fig. 1). Dogs in public parks were aged 6
onths to 16 years (average 6.0 years), and were treated
ith  anthelmintic most commonly twice or four times per
ear  (both 20/71 respondents, 28%), with only 5/71 (7%) of
wners  reporting monthly treatment. In spite of this, only
 of 114 adult dogs tested positive for Toxocara spp. eggs,
nd  all were 1 year old or younger.
.2. Predicted contribution of deﬁnitive host categories to
verall  egg contamination
Among  dogs, overall egg output was dominated by juve-
ile  dogs (<3 months old) (Fig. 2). This was in spite of
ow  population density and low faecal output relative to
dults,  and can be attributed to the much higher preva-
ence and density of eggs in this group. Lower prevalence
nd intensity of egg shedding among dogs 3–6 months old,
long  with low population density meant that this cate-
ory  was predicted to be much less important as a source
f  eggs. Adult dogs accounted for around 30% of predicted
ig. 2. Predicted relative contribution of different categories of dog to
verall egg output, based on Eq. (1). Juvenile = <3 months old, young = 3–6
onths, and adult = >6 months.tology 193 (2013) 390– 397
eggoutput by dogs, in spite of low prevalence and intensity
of  patent infection, by virtue of their much higher popu-
lation size. By contrast, stray dogs were estimated to be
few  in number and appeared to contribute little to overall
environmental contamination.
When  considered alongside cats and foxes, dogs were
predicted to provide the vast majority of eggs to the envi-
ronment (Fig. 3). Estimated total egg output was 33.7–34.0
million eggs per km2 per day, depending on which of Eqs.
(1)  and (2) were used. There was some change in the
total value and the predicted relative contributions of dif-
ferent  species when those of foxes and stray cats were
estimated from postmortem data in the literature (Eq. (2))
rather  than local faecal prevalence and egg density (Eq. (1)),
and  also when juvenile dogs and cats were excluded on the
assumption of restricted access to public areas. However,
dogs were such dominant sources of total egg output that
these  adjustments made little difference to their overall
predicted importance. Assumptions concerning the extent
of  faecal removal, by contrast, strongly modiﬁed the rela-
tive  contributions of different species. Thus, removal of an
increasing  proportion of dog faeces led to a linear decrease
in  eggs arising from this source. At high rates of removal,
foxes were predicted to take over from dogs as the main
source of eggs (Fig. 4).
For sensitivity analysis, it was assumed that 75% of eggs
from  owned dogs did not reach the environment, as a result
of  conﬁnement of young pups (0–8 weeks old, or 67% of
dogs  aged less than 3 months), and removal of faeces in
all  age classes at a rate of 75%. This was a pragmatic ﬁgure
in  the absence of any published data on the proportion of
faeces  that are removed from public areas by dog owners
during exercise, or the proportion of daily faecal output that
is  deposited in public places. For foxes and stray cats, Eq.
(2)  was taken forward rather than Eq. (1), which although
using local data was deemed susceptible to error due to
the  small sample sizes involved. Elasticity analysis revealed
two  groups of parameters to be much more inﬂuential
on total predicted egg output than others in this scenario
(Fig. 5): these were all the parameters of Eq. (1) for juve-
nile  and adult dogs. Sensitivity analysis was partial, with
bounds of uncertainty deﬁned for only 32 of 44 param-
eters, and then only loosely. Variation across the deﬁned
range correlated most strongly with total predicted egg
output  for prevalence and intensity of patent infection, and
host  density, for juvenile dogs (<3 months old), fecundity
of  adult worms  in foxes, and the prevalence of infection
and population density of young (3–6 month) and adult
dogs.
4.  Discussion
The results of this exercise demonstrate that quanti-
tative estimates of the relative sources of Toxocara spp.
eggs  in a given locality are possible and can help to pri-
oritise control strategies. Thus, in the city of Bristol, it
appears that in the absence of large populations of stray
cats  and dogs, pet dogs produce most of the eggs. This
holds even when conﬁnement of pre-vaccination pups is
taken  into account, and in spite of a large population of
urban  foxes, suggesting that dogs are the most important
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Fig. 3. Predicted relative contribution of different sympatric host species to overall egg output in the city of Bristol, UK, from Eqs. (1) and (2). (A) All host
categories,  using Eq. (1) only. (B) All host categories, using Eq. (2) for foxes and stray cats and Eq. (1) for other categories. (C) Excluding juvenile dogs and
cats,  Eq. (1) only. (D) Excluding juvenile dogs and cats, using Eq. (2) for foxes and stray cats and Eq. (1) for other categories.
Table 4
Population parameters used in Eq. (3), to estimate dog population density for Eq. (1).
Parameter Deﬁnition Value Source
N Number of dogs in the UK 10,522,186 Murray et al. (2010)
T  UK human population 
R Number  of residents in Bristol 
A  City area 
contributors to overall public area contamination in this
city.  Theproportion of eggs reaching the environment is
clearly  strongly dependent on the extent to which faeces
are  removed by dog owners. At high levels of removal, lev-
els  of contamination by dogs can be greatly reduced, and
under  those circumstances foxes, and to a lesser extent
cats, can take over by default as the main egg shedders.
These results suggest that reduction of faecal pollution by
pet  dogs provides an efﬁcient way of decreasing public area
contamination with Toxocara spp. eggs. Although this has
Table 5
Population parameters used in Eq. (4), to estimate dog population density for Eq.
Parameter Deﬁnition 
B Number of households in the UK with dogs 
G  Number of households in the UK 
P Proportion of households with more than one dog
C  Number of households in Bristol city 
A Area of Bristol city 57,103,900 2001 census
380,615 2001 census
110 km2
long  been appreciated (Deplazes et al., 2011) and might
seem obvious, it places into stark relief the lack of published
data  on rates of deposition and removal of dog faeces from
public  places. Moreover, a recent survey found that in spite
of  widespread investment by local authorities in the UK in
measures  to reduce pollution of public areas with dog fae-
ces,  no serious attempt has yet been made to determine the
success  of such measures in reducing egg densities or risks
of  public exposure to Toxocara spp. (Atenstaedt and Jones,
2011).
 (1).
Value Source
4.8 million bbc.co.uk
24 million households bbc.co.uk
 21% bbc.co.uk
162,090 2001 census
110 km2
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Fig. 4. The predicted proportion of total egg output from different species,
as  a greater percentage of dogs’ faeces (from all ages) is removed, and the
eggs therein are therefore not allowed into the environment. This assumes
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Table  6
Variation in frequency and intensity of Toxocara sp. egg shedding in dogs
sampled in the present study.
Age (weeks) N Prevalence Density (epg) Abundance (epg)
0–8 55 0.62 3459 2138
9–12 26 0.19 5710 1098
13 plus 114 0.026  217 5.7
N is the sample size. Density refers to average faecal egg count in epg (eggshat the chance of removal of given faecal deposits is unrelated to their
gg load. Deviations from this assumption would alter the shape of the
urve.
Of course, total numbers of eggs shed into the environ-
ent are not the only determinant of zoonotic disease risk.
he  distribution of faecal deposition by infected hosts in
elation  to human use of the environment will be a crucial
odiﬁer of this risk. Thus, assumptions of reduced public
rea  contamination by pups as a result of pre-vaccination
ig. 5. Sensitivity analysis of the model of egg output, expressed as Pear-
on correlation of successive parameters with total egg output. Monte
arlo simulation of 2000 iterations of Eqs. (2) (foxes and stray cats) and
1)  (other host categories), with egg output from pet dogs reduced by a
actor of 75% to compensate for faecal removal. (A) Elasticity analysis. Box
 = parameters of Eq. (1) for juvenile dogs, box 2 = parameters of Eq. (1) for
dult dogs. (B) Parameter uncertainty analysis. The ﬁrst eight parameters,
n descending order, are egg density, prevalence and population density
or juvenile dogs, fecundity of adult female worms  in foxes, population
ensity of adult pet dogs, prevalence in young and adult pet dogs, and
opulation density of young pet dogs.per  gram) in positive dogs only, and abundance average faecal egg count
for all dogs sampled.
conﬁnement infer that eggs from those individuals are shed
into  the home or garden environment and could present a
risk  to dog owners. Likewise, the extent to which defeca-
tion  by foxes of different ages contaminates environments
shared by humans is a complex question, and not one
we  are equipped to address here. Cats, although appar-
ently a small source of eggs in the present study, could
provide locally important contamination, especially as a
result  of their propensity to defecate in garden soil and sand
(Fisher,  2003). Moreover, recent ﬁndings that a substan-
tial  proportion of Toxocara spp. eggs found in dog faeces
are  in fact T. cati suggest that eggs acquired by dogs from
cats  via coprophagy and subsequently disseminated could
be  epidemiologically important (Fahrion et al., 2011). The
relationship between habitat use and defecation habits of
competent  hosts of Toxocara spp., and human behaviours
that lead to egg ingestion, needs to be better deﬁned if a
mechanistic, as opposed to purely statistical and hence cir-
cumstantial, understanding of disease transmission is to be
achieved.
It  is noteworthy that many of the parameters used in
the  models presented here were difﬁcult to obtain and
often  based on limited local studies, extrapolated from
very  different locations, or reliant on unsubstantiated esti-
mates  in the non-scientiﬁc literature. This was  especially
true of estimates of population density and age structure.
Given that the age of dogs (and to some extent cats and
foxes) was such a strong determinant of the frequency and
level  of egg shedding, these data are crucial to reliable
estimates of egg shedding. Local studies of Toxocara spp.
egg  shedding should take greater account of the under-
lying host population parameters if parasitological data
are  to be set in a population context. Moreover, manip-
ulation of host age, for example by inﬂuencing neutering
rates, could potentially have a strong effect on egg shed-
ding  rates. This is underlined in the present study by
the  fact that even adult dogs shedding eggs were found
to  be much younger than average, while prevalence was
extremely low in older dogs in spite of a wide range
of frequency of anthelmintic treatment. A renewed focus
on  elimination of infection in younger dogs, alongside
social responsibility in removing dog faeces from pub-
lic  places, provide the most obvious path to reducing
overall levels of egg contamination in the study location,
and  should be prioritised. It would seem important to
monitor the impact of ongoing attempts to reduce con-
tamination, and to periodically review main sources of
eggs  and any shifts in control priorities that might be indi-
cated.
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The relative sources of Toxocara spp. eggs shed into the
public  environment are likely to differ widely between dif-
ferent  locations. Thus, for example, many areas have large
stray  cat and/or dog populations, which could contribute
much more to overall egg output than in the present study.
Age  structure, rates of anthelmintic treatment, and habitat
use  are all likely to affect overall patterns of egg shed-
ding. This study does not seek to identify general patterns
in  environmental contamination with Toxocara spp. eggs.
Rather,  it aims to demonstrate a quantitative approach that
can  be applied to other areas, to assess the relative roles of
different  host species and population categories in overall
environmental contamination and risk of zoonotic disease,
and  accordingly to drive efﬁcient control strategies. In sup-
port  of such an approach, local data collection should take
account  of host population parameters, as well as attempt
to  systematically sample potential deﬁnitive host popula-
tions  (e.g. Luty, 2001). Estimation of egg density as well
as  prevalence is also essential to calibrate locally relevant
models of total egg output.
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